• Delayed pre-plant tillage effectively controls herbicide-resistant giant ragweed.
B
iotypes of giant ragweed (Ambosia trifida L.) have developed multiple resistance to acetolactate synthase inhibitors and glyphosate herbicides, making control of giant ragweed increasingly difficult (Heap, 2018) . Delayed spring tillage and planting are potential options to improve control of herbicide-resistant giant ragweed in annual cropping systems. Giant ragweed is one of the earliest emerging weeds in Midwestern United States crop production, with 90% emergence completed by early June in Minnesota (Buhler et al., 1997; Werle et al., 2014; Kaur et al., 2016; Goplen et al., 2017 Goplen et al., , 2018a . Spring tillage with a rototiller did not affect temporal or total yearly emergence of giant or common ragweed (Ambrosia artemisiifolia L.) in Nebraska (Kaur et al., 2016; Barnes et al., 2017) . Research has not been conducted, however, to determine whether giant ragweed emergence is affected by spring tillage with a field cultivator, a more commonly used implement for spring tillage in Midwestern United States row crop production. The objective of this research was to evaluate the effect of spring tillage timing on periodicity and total emergence of giant ragweed to assess its utility as an integrated control strategy for herbicide-resistant giant ragweed. Goplen et al. (2018b) . Both sites had a history of corn (Zea mays L.) and soybean [Glycine max (L.) Merr.] production with fall chisel plowing after corn and spring field cultivation each year. Both sites had insitu populations of glyphosate-resistant giant ragweed. Giant ragweed at Rochester, MN was also resistant to acetolactate synthase inhibitor herbicides. monitored by counting and removing emerged seedlings in each quadrat on a weekly basis throughout the giant ragweed emergence period. Percent giant ragweed control with tillage was calculated as the total percentage of giant ragweed that emerged prior to tillage (Table 2) .
Total number of giant ragweed plants emerged, percent control with tillage, and percentage of total giant ragweed emerged each week were analyzed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Tillage timing treatment was considered a fixed effect, and experimental location, block (nested within location), interactions, and subsampling were considered random effects. The total number of giant ragweed plants emerged exhibited a skewed distribution, so data were transformed to the natural log scale for statistical analysis and means were back-transformed for presentation. Mean comparisons were made using Fisher's protected LSD at P ≤ 0.05.
Giant ragweed emerged early in the growing season across locations, averaging 50 and 90% emergence by 12 and 29 May, respectively. Since giant ragweed emergence is influenced by the accumulation of thermal time, calendar date of emergence may vary from year to year and by latitude. However, the onset of giant ragweed emergence has been relatively consistent from year to year in Minnesota (Goplen et al., 2018b) . Total giant ragweed emergence did not differ among tillage timing treatments, confirming the findings of Kaur et al. (2016) (Table 2 ). However, emergence was suppressed the week following tillage for early tillage treatments. Compared to the no-till control, the onset plus 28 days post-onset and the 14 days post-onset treatments reduced giant ragweed emergence the week following tillage by 68 and 73%, respectively (Fig. 1) . The disturbance of tillage likely delayed giant ragweed emergence beyond the week following tillage, which may explain the increased emergence the second and third weeks after tillage in the 14 days post-onset treatment (Fig. 1) .
Timing of tillage treatment did influence percent giant ragweed control, calculated as the percentage of total giant Onset + 28 days 28 April + 27 May † Onset of giant ragweed emergence began on 28 April at both sites and dates of tillage occurred on the same date at both locations. Tillage was to a depth of 4 inches with a field cultivator with 8-inch sweeps spaced 8 inches apart. ragweed emergence prior to tillage. The 14 days post-emergence onset treatment conducted on 13 May controlled 54% of giant ragweed. Treatments with tillage at 28 and 42 days post-emergence onset, and onset plus 28 days post-emergence onset controlled > 85% of giant ragweed (Table 2) . Later tillage dates increased giant ragweed control, but also allowed weeds to increase in size by the 42 days post-emergence onset treatment, which may make tillage less effective.
This research confirms that spring tillage can be an effective weed control tool for herbicide-resistant giant ragweed, especially when used in conjunction with other effective weed control strategies (Ganie et al., 2016 (Ganie et al., , 2017 . Of the treatments evaluated, the 14 days post-emergence onset treatment was optimal, achieving 54% control of giant ragweed while minimizing potential yield reductions due to delayed planting of corn or soybean. With later tillage dates, weeds may become too large to be effectively controlled with a single pass of spring tillage. Giant ragweed emergence was reduced the week following tillage when tillage occurred early, which provides additional time for post-emergence weed control operations. This research suggests that delayed pre-plant tillage and planting can be effectively used as part of an integrated weed management plan to control herbicide-resistant giant ragweed (Ganie et al., 2016 (Ganie et al., , 2017 .
